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(57) ABSTRACT

A control system for construction machine includes a pair of
first and second main pumps which are variable-displacement
pumps, first and second circuit systems connected to the first
and second main pumps and including a plurality of control
valves, main switching valves provided between the first and
second circuit systems and the first and second main pumps,
a hydraulic motor for power generation connected to the first
and second main pumps via the main switching valves, a
generator coupled to the hydraulic motor for power genera-
tion, and a battery for storing power generated by the genera-
tor. When at least the main switching valve connected to one
circuit system is at a position to cause one main pump con-
nected thereto to communicate with the hydraulic motor for
power generation, the main switching valve connected to the
other circuit system causes the other main pump to commu-
nicate with the other circuit system.
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1
CONTROL SYSTEM FOR HYBRID
CONSTRUCTION MACHINE

TECHNICAL FIELD

This invention relates to a control system for hybrid con-
struction machine.

BACKGROUND ART

JP2002-275945A discloses a hybrid construction machine
including an engine, a generator which is driven by the
engine, a battery for storing power generated by the generator
and an electric motor which is driven by power of the battery.

SUMMARY OF THE INVENTION

The applicant filed Japanese Patent Application No. 2009-
164279 relating to a construction machine of this type. An
invention according to this application supplies oil dis-
charged from a variable-displacement main pump to a
hydraulic motor for power generation when control valves for
controlling actuators are all kept at a neutral position, i.e.
when the respective actuators are in an inoperative state.

When the discharged oil from the main pump is introduced
to the hydraulic motor for power generation, a switching
valve provided between the control valves and the main pump
is switched to cut off connection between the main pump and
the control valves and the discharged oil from the main pump
is supplied to the hydraulic motor for power generation.

However, since the connection between the main pump and
the control valves is cut off in this construction when the
discharged oil from the main pump is supplied to the hydrau-
lic motor for power generation, the control valves are quickly
cooled, for example, in cold regions. If the control valves are
excessively cooled, a fixation occurs between valve bodies
and spools of the control valves when the discharged oil from
the main pump is supplied again to the control valves to
actuate the actuators. The reason for the fixation is as follows.

The discharged oil from the main pump has a high oil
temperature in a hydraulic tank even while the control valves
are not operated. Further, the control valves are normally such
that the valve bodies thereof are made of cast metal and the
spools thereof are made of steel. Since the valve bodies and
the spools are both made of steel, but different materials,
coefficients of thermal expansion differ.

Accordingly, if the discharged oil from the main pump
maintained at a high oil temperature is supplied to the control
valves in a cold state, both the valve bodies and the spools are
fixed since they have different coefficients of thermal expan-
sion.

An object of the present invention is to provide a control
system for construction machine in which control valves are
resistant to cooling even while oil discharged from a main
pump is supplied to a hydraulic motor for power generation.

According to one aspect of the present invention, a control
system for construction machine is provided which com-
prises a pair of first and second main pumps which are vari-
able-displacement pumps; first and second circuit systems
connected to the first and second main pumps and including a
plurality of control valves; main switching valves provided
between the first and second circuit systems and the first and
second main pumps; a hydraulic motor for power generation
connected to the first and second main pumps via the main
switching valves; a generator coupled to the hydraulic motor
for power generation; and a battery for storing power gener-
ated by the generator; wherein when at least the main switch-
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ing valve connected to one circuit system is at a position to
cause one main pump connected thereto to communicate with
the hydraulic motor for power generation, the main switching
valve connected to the other circuit system causes the other
main pump to communicate with the other circuit system.

According to the above aspect, control valves do not
become excessively cold since oil discharged from the main
pumps is introduced to the control valves even while the main
pump is connected to the hydraulic motor for power genera-
tion. This prevents conventional problems which occur by the
supply of discharged oil from the main pumps having a high
oil temperature to the cold control valves.

Embodiments of the present invention and advantages
thereof are described in detail below with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a circuit diagram of a control system for hybrid
construction machine according to a first embodiment.

FIG. 2 is a flow chart of the control system.

FIG. 3 is a circuit diagram of a control system for hybrid
construction machine according to a second embodiment.

FIG. 4 is a circuit diagram of a control system for hybrid
construction machine according to a third embodiment.

DESCRIPTION OF EMBODIMENTS

A first embodiment is described.

FIG. 1 shows a control system for power shovel including
first and second main pumps MP1, MP2 which are variable-
displacement pumps to be driven by an engine E including a
rotational speed sensor. The first and second main pumps
MP1, MP2 rotate coaxially. A generator 1 is provided adja-
cent to the engine E and generates power using remaining
power of the engine E.

The first main pump MP1 is connected to a first circuit
system. The first circuit system is connected to a control valve
2 for controlling a rotation motor, a control valve 3 for con-
trolling an arm cylinder, a control valve 4 for boom second
speed for controlling a boom cylinder, a control valve 5 for
controlling an auxiliary attachment and a control valve 6 for
controlling a left travel motor in this order from an upstream
side.

The respective control valves 2 to 6 are connected to the
first main pump MP1 via a neutral flow path 7 and a parallel
passage 8.

A throttle 9 for pilot pressure control for generating a pilot
pressure is provided downstream of the control valve 6 for the
left travel motor in the neutral flow path 7. The throttle 9
generates a high pilot pressure at an upstream side if a flow
rate through the throttle 9 is high while generating a low pilot
pressure if the flow rate is low.

The neutral flow path 7 introduces all or part of oil dis-
charged from the first main pump MP1 to a tank T via the
throttle 9 when all the control valves 2 to 6 are at or near a
neutral position. In this case, a high pilot pressure is generated
since the flow rate through the throttle 9 is high.

On the other hand, if the control valves 2 to 6 are switched
to a full-stroke state, the neutral flow path 7 is closed and a
fluid does not flow any longer. In this case, since the flow rate
through the throttle 9 becomes zero, the pilot pressure is kept
at zero.

Depending on the operating amounts of the control valves
2 to 6, part of the pump-discharged oil is introduced to actua-
tors and part thereof is introduced to the tank T from the
neutral flow path 7. In this case, the throttle 9 generates a pilot
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pressure corresponding to the flow rate in the neutral flow
path 7. In other words, the throttle 9 generates the pilot pres-
sure corresponding to the operating amounts of the control
valves 2 to 6.

A pilot flow path 10 is connected between the control valve
6 and the throttle 9 in the neutral flow path 7. The pilot flow
path 10 is connected to a regulator 12 for controlling a tilting
angle of the first main pump MP1 via an electromagnetic
switching valve 11.

The regulator 12 controls the tilting angle of the first main
pump MP1 in inverse proportion to a pilot pressure in the pilot
flow path 10 to control a displacement volume per rotation of
the first main pump MP1. If there is no more flow in the
neutral flow path 7 by setting the control valves 2 to 6 in the
full-stroke state, the pilot pressure is zeroed and the tilting
angle of the first main pump MP1 is maximized to maximize
the displacement volume per rotation of the first main pump
MP1.

Further, the electromagnetic switching valve 11 is con-
nected to a pilot hydraulic pressure source PP via an electro-
magnetic variable pressure reducing valve 13. The regulator
12 is connected to the pilot flow path 10 when the electro-
magnetic switching valve 11 is at a normal control position
which is a shown normal position, and is connected to the
electromagnetic variable pressure reducing valve 13 when a
solenoid is excited and switched to a regenerative energy
control position.

Further, a main switching valve 14 is connected between
the first main pump MP1 and the most upstream control valve
2 of the first circuit system. The main switching valve 14 is
switched by pilot pressures acting on pilot chambers 14a, 145
provided at the opposite ends. One pilot chamber 14a is
connected to the pilot hydraulic pressure source PP via an
electromagnetic control valve 15a and the other pilot cham-
ber 145 is connected to the pilot hydraulic pressure source PP
via an electromagnetic control valve 154.

The main switching valve 14 is switchable to a first posi-
tion which is a shown neutral position, a second position
which is a left position in FIG. 1 and a third position which is
a right position in FIG. 1.

When the main switching valve 14 is kept at the first posi-
tion (neutral position), a main passage V for introducing oil
discharged from the first main pump MP1 to the first circuit
system is opened and a joint passage W for introducing oil
discharged from an assist pump AP to a discharge side of the
first main pump MP1 is opened. A check valve 18 prevents the
flow from the main pump MP1 to the assist pump AP.

When the main switching valve 14 is switched to the sec-
ond position that is the left position, the throttle passage X for
introducing the discharged oil from the first main pump MP1
to the first circuit system is opened and a regeneration passage
Y for introducing the discharged oil from the first main pump
MP1 to the hydraulic motor M for power generation is
opened. This causes the discharged oil from the first main
pump MP1 to be supplied to the hydraulic motor M for power
generation via the regeneration passage Y and a part of the
discharged oil to be also supplied to the first circuit system via
the throttle passage X.

When the main switching valve 14 is switched to the third
position that is the right position, only the main passage V is
opened. This causes the discharged oil from the first main
pump MP1 to be supplied only to the first circuit system.

Solenoids of the electromagnetic switching valve 11 and
the electromagnetic control valves 15a, 1556 are connected to
a controller C and switching operations can be controlled by
the controller C.
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A solenoid of the electromagnetic variable pressure reduc-
ing valve 13 is also connected to the controller C and a
secondary pressure of this pressure reducing valve 13 is con-
trolled by the controller C.

On the other hand, the second main pump MP2 is con-
nected to a second circuit system. The second circuit system
is connected to a control valve 19 for controlling a right travel
motor, a control valve 20 for controlling a bucket cylinder, a
control valve 21 for controlling the boom cylinder, and a
control valve 22 for arm second speed for controlling the arm
cylinder in this order from an upstream side.

The respective control valves 19 to 22 are connected to the
second main pump MP2 via a neutral flow path 23. The
control valves 20 and 21 are connected to the second main
pump MP2 via a parallel passage 24.

A throttle 25 for pilot pressure control is provided down-
stream of the control valve 22 in the neutral flow path 23. The
throttle 25 functions in just the same manner as the throttle 9
of' the first circuit system.

A pilot flow path 26 is connected between the most down-
stream control valve 22 and the throttle 25 in the neutral flow
path 23. The pilot flow path 26 is connected to a regulator 28
for controlling a tilting angle of the second main pump MP2
via an electromagnetic switching valve 27.

The regulator 28 controls the tilting angle of the second
main pump MP2 in inverse proportion to a pilot pressure in
the pilot flow path 26 to control a displacement volume per
rotation of the second main pump MP2. Accordingly, if the
control valves 19 to 22 are set in the full-stroke state and there
is no more flow in the neutral flow path 23, the pilot pressure
is zeroed and the tilting angle of the second main pump MP2
is maximized to maximize the displacement volume per rota-
tion of the second main pump MP2.

Further, the electromagnetic switching valve 27 is con-
nected to the pilot hydraulic pressure source PP via the elec-
tromagnetic variable pressure reducing valve 13. The regula-
tor 28 is connected to the pilot flow path 26 when the
electromagnetic switching valve 27 is at a normal control
position which is a shown normal position, and is connected
to the electromagnetic variable pressure reducing valve 13
when a solenoid is excited and switched to a regenerative
energy control position. That is, the electromagnetic switch-
ing valves 11, 27 are connected in parallel to the electromag-
netic variable pressure reducing valve 13 and the same pres-
sure controlled by the electromagnetic variable pressure
reducing valve 13 is introduced to these electromagnetic
switching valves 11, 27.

Further, a main switching valve 29 is connected between
the second main pump MP2 and the most upstream control
valve 19 of the second circuit system. The main switching
valve 29 is switched by pilot pressures acting on pilot cham-
bers 294, 2956 provided at the opposite ends. One pilot cham-
ber 29a is connected to the pilot hydraulic pressure source PP
via an electromagnetic control valve 164 and the other pilot
chamber 295 is connected to the pilot hydraulic pressure
source PP via an electromagnetic control valve 165.

The main switching valve 29 is switchable to a first posi-
tion which is a shown neutral position, a second position
which is a left position in FIG. 1 and a third position which is
a right position in FIG. 1.

When the main switching valve 29 is kept at the first posi-
tion (neutral position), a main passage V for introducing oil
discharged from the second main pump MP2 to the second
circuit system is opened and a joint passage W for introducing
oil discharged from the assist pump AP to a discharge side of
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the second main pump MP2 is opened. A check valve 31
prevents the flow from the main pump MP2 to the assist pump
AP.

When the main switching valve 29 is switched to the sec-
ond position that is the left position, the throttle passage X for
introducing the discharged oil from the second main pump
MP2 to the second circuit system is opened and a regeneration
passageY for introducing the discharged oil from the second
main pump MP2 to the hydraulic motor M for power genera-
tion is opened. This causes the discharged oil from the second
main pump MP2 to be supplied to the hydraulic motor M for
power generation via the regeneration passage Y and a part of
the discharged oil also to be supplied to the second circuit
system via the throttle passage X.

When the main switching valve 29 is switched to the third
position that is the right position, only the main passage V is
opened. This causes the discharged oil from the second main
pump MP2 to be supplied only to the second circuit system.

Solenoids of the electromagnetic switching valve 27 and
the electromagnetic control valves 16a, 165 are connected to
the controller C and switching operations can be controlled
by the controller C.

A neutral position detector for detecting the neutral posi-
tion thereof included in the control valves 2 to 6 and 19 to 22
may detect the neutral positions of the control valves 2 to 6
and 19 to 22 using electric sensors or hydraulically.

To hydraulically detect the neutral positions of the control
valves 2 to 6 and 19 to 22, it is thought, for example, to provide
the respective control valves 2 to 6 and 19 to 22 with a pilot
line which connects them in series. When the control valves 2
to 6 and 19 to 22 are switched from the neutral position to the
switch position, the pilot line is closed and a pressure therein
changes. Thus, the neutral positions of the control valves 2 to
6 and 19 to 22 can be detected by converting this pressure
change into an electrical signal.

At any rate, the electrical signal indicating whether or not
the control valves 2 to 6 and 19 to 22 are at the neutral position
is input to the controller C.

Further, the hydraulic motor M for power generation is
associated with the generator 32, and the generator 32 rotates
to fulfill a power generation function by the rotation of the
hydraulic motor M for power generation. Power generated by
the generator 32 is charged into a battery 34 via an inverter 33.
The battery 34 is connected to the controller C, which recog-
nizes the amount of charge of the battery 34. The hydraulic
motor M for power generation is a variable-displacement
hydraulic motor and the tilting angle thereof can be controlled
by a regulator 35 connected to the controller C.

A battery charger 36 is used to charge power generated by
the generator 1 into the battery 34. In this embodiment, the
battery charger 36 is also connected to a power supply 37 of
another system such as a household power supply.

The assist pump AP is associated with the hydraulic motor
M for power generation. The assist pump AP rotates in asso-
ciation with the hydraulic motor M for power generation. The
assist pump AP is a variable-displacement pump and the
tilting angle thereof is controlled by a regulator 38.

When the hydraulic motor M for power generation fulfills
the power generation function, the titling angle of the assist
pump AP is minimized to set a state where a load of the assist
pump AP hardly acts on the hydraulic motor M for power
generation. Further, when the generator 32 is caused to func-
tion as an electric motor, the assist pump AP rotates to fulfill
a pump function.

The controller C determines that the actuators connected to
the control valves 2 to 6 and 19 to 22 are in an operative state
unless all the control valves 2 to 6 and 19 to 22 are kept at the
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neutral position, and maintains the respective valves in the
normal state without exciting the solenoids of the electromag-
netic switching valves 11, 27, the electromagnetic control
valves 15a, 15b, 16a and 165 and the electromagnetic vari-
able pressure reducing valve 13.

Since no pilot pressure acts on the pilot chambers 14a, 145
and 29a, 295 of the main switching valves 14, 29 in a state
where the electromagnetic control valves 154, 1556, 16a and
165 are kept at the neutral position, the main switching valves
14, 29 are kept at the first position that is the shown neutral
position and the discharged oil from the first and second main
pumps MP1, MP2 is introduced to the respective circuit sys-
tems.

The discharged oil from the assist pump AP can be caused
to join the discharged oil from the first and second main
pumps MP1, MP2 through the joint passages W if the assist
pump AP is rotated by actuating the generator 32 as an electric
motor, since the main passages V and the joint passages W of
the main switching valves 14, 29 are open in the state where
the main switching valves 14, 29 are at the neutral position.

In the case of causing the discharged oil from the assist
pump AP to join the first and second main pumps MP1, MP2,
it is sufficient to rotate only the generator 32. Thus, the sole-
noids of the electromagnetic control valves 15a, 1556, 16a and
165 and the like need not be excited and the amount of power
consumption can be reduced.

Further, in the state where the main switching valves 14, 29
are at the neutral position, the flow rates in the neutral flow
paths 7, 23 change according to the operated amounts of the
control valves. According to the flow rates in the neutral flow
paths 7, 23, pilot pressures generated at the upstream sides of
the throttles 9, 25 for pilot pressure control change. Accord-
ing to changes in the pilot pressures, the regulators 12, 28
control the tilting angles of the first and second main pumps
MP1, MP2.

The regulators 12, 28 increase the displacement volume
per rotation of the first and second main pumps MP1, MP2 as
the pilot pressures decrease by increasing the tilting angles.
On the contrary, as the pilot pressures increase, the regulators
12, 28 reduce the displacement volume per rotation of the first
and second main pumps MP1, MP2 by reducing the tilting
angles.

Accordingly, the first and second main pumps MP1, MP2
discharge at the flow rates conforming to required flow rates
corresponding to the operated amounts of the control valves.

Further, if the electromagnetic control valves 15a, 164 are
switched to the switch position from the shown normal posi-
tion by exciting the solenoids thereof, the pilot pressures are
introduced to the one pilot chambers 14a, 294 of the main
switching valves 14, 29 and the main switching valves 14, 29
are switched to the second position that is the left position.
When the main switching valves 14, 29 are switched to the
second position, the regeneration passages Y and the throttle
passages X of the main switching valves 14, 29 are opened.

In this way, the discharged oil from the first and second
main pumps MP1, MP2 is supplied to the hydraulic motor M
for power generation via the regeneration passages Y. If the
hydraulic oil is supplied to the hydraulic motor M for power
generation, the hydraulic motor M for power generation
rotates to rotate the generator 32 and the generator 32 fulfills
the power generation function. The generated power is
charged into the battery 34 via the inverter 33.

Further, since the throttle passages X are open in the state
where the main switching valves 14, 29 are switched to the
second position, a part of the discharged oil from the first and
second main pumps MP1, MP2 is supplied to the first and
second circuit systems via the throttle passages X. Since the
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discharged oil from the first and second main pumps MP1,
MP2 is circulated to and from the hydraulic motor M for
power generation, the oil temperature is kept high. Thus, the
control valves 2 to 6, 19 to 22 in the first and second circuit
systems are heated by the hydraulic oil introduced to these
circuit systems.

Further, if the electromagnetic control valves 155, 165 are
switched to the switch position from the shown normal posi-
tion by exciting the solenoids thereof, the pilot pressures are
introduced to the other pilot chambers 1456, 295 of the main
switching valves 14, 29 and the main switching valves 14, 29
are switched to the third position that is the shown right
position. If the main switching valves 14, 29 are switched to
the third position, the first and second main pumps MP1, MP2
and the first and second circuit systems are respectively con-
nected via the respective main passages V.

The main switching valves 14, 29 are provided with the
third switch position to cause the discharged oil from the
assist pump AP to join only one circuit system and maintain
the discharge amount of the other main pump at a minimum
level.

For example, if only the actuators connected to the control
valves of the first circuit system are actuated and the control
valves of the second circuit system are all kept at the neutral
position, the main switching valve 29 is switched to the third
position that is the right position by keeping the main switch-
ing valve 14 at the neutral position and exciting only the
solenoid of the electromagnetic control valve 165.

Since the main passage V and the joint passage W of the
main switching valve 14 are open if the main switching valve
14 is kept at the neutral position, the discharged oil from the
first main pump MP1 and that from the assist pump AP join
and are supplied to the first circuit system.

On the other hand, in the main switching valve 29 switched
to the third position, only the main passage V is open and the
joint passage W is closed.

In this way, the discharged oil from the second main pump
MP2 flows only in the neutral flow path 23 of the second
circuit system, in which all the control valves 19 to 22 are kept
at the neutral position, via the main passage V, whereby the
pressure at the upstream side of the throttle 25 is increased
and the discharge amount of the second main pump MP2 is
kept at the minimum level.

Exciting only the electromagnetic control valve 165 of the
other main switching valve 29 without exciting the solenoids
of'the electromagnetic control valves 154, 155 in the one main
switching valve 14 has a merit of reducing the amount of
power consumption as compared with the case where various
solenoids are excited.

Following is a description of a control flow of this embodi-
ment based on FIG. 2.

The controller C reads the operating states of the respective
actuators based on signals from the neutral position detectors
(Step S1). The controller C determines whether or not all the
control valves 2 to 6, 19 to 22 are at the neutral position (Step
S2). If any one of the control valves is at the position other
than the neutral position, the controller C determines that the
actuator connected to this control valve is in operation and
proceeds to Step S3.

In Step S3, whether or not the assistance of the assist pump
AP is necessary is determined based on an input signal from
an operator. If the operator has input a signal requiring the
assistance, the controller C proceeds to Step S4 and keeps the
solenoids of the electromagnetic control valves 15a, 155, 16a
and 1654 in a non-excited state and the main switching valves
14, 29 at the first position that is the neutral position. If the
main switching valves 14, 29 are kept at the first position, the
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discharged oil from the assist pump AP joins the discharged
oil from the first and second main pumps MP1, MP2 and is
supplied to the first and second circuit systems, whereby an
operation with the assistance is performed (Step S5).

Further, unless the signal requiring the assistance has been
input from the operator in Step S3, the controller C proceeds
to Step S6 and switches the main switching valves 14, 29 to
the third position that is the right position by exciting the
solenoids of the electromagnetic control valves 155, 165. In
this case, an operation is performed without the assistance
from the assist pump AP (Step S7).

If all the control valves are determined to be at the neutral
position in Step S2, the controller C determines that the
respective actuators are in the inoperative state and proceeds
to Step S8. In Step S8, the controller C determines whether or
not a standby regeneration signal from the operator has been
input and returns to Step S1 unless the standby regeneration
signal has been input.

If the standby regeneration signal has been input in Step
S8, the controller C proceeds to Step S9 and determines
whether or not the battery 34 is in a state nearly a fully charged
state.

Ifthe battery 34 is in the state nearly the fully charged state,
the controller C proceeds to Steps S10, S11 to keep the
electromagnetic switching valves 11, 27 in the non-excited
state, keep the electromagnetic control valves 15a, 155, 16a
and 164 in the non-excited state and switch the main switch-
ing valves 14, 29 to the shown normal position, and then
returns to Step S1.

If the main switching valves 14, 29 are kept at the normal
position, the discharged oil from the first and second main
pumps MP1, MP2 flows through the main passages V of the
main switching valves 14, 29 and from the neutral flow paths
7, 23 to the pilot flow paths 10, 26 and reaches the regulators
12, 28 via the electromagnetic switching valves 11, 27.

The regulators 12, 28 keep the discharge amounts of the
first and second main pumps MP1, MP2 that are variable-
displacement pumps at a minimum, i.e. standby flow rate by
the pilot pressures generated upstream of the throttles 9, 25,
and the oil at the standby flow rate is returned to the tank T via
the throttles 9, 25.

Further, if determining that the amount of charge of the
battery 34 is insufficient in Step S9, the controller C proceeds
to Step S12 to excite the solenoids of the electromagnetic
control valves 154, 164 and keep the electromagnetic control
valves 15b, 165 in the non-excited state. In this way, the
pressure from the pilot hydraulic pressure source PP is intro-
duced to the pilot chambers 14a, 29a of the main switching
valves 14, 29, wherefore the main switching valves 14, 29 are
switched to the second position that is the shown left position
and the first and second main pumps MP1, MP2 communicate
with the hydraulic motor M for power generation.

Further, the controller C proceeds to Step S13 to switch the
electromagnetic switching valves 11, 27 from the normal
control position that is the normal position to the regenerative
energy control position, thereby cutting off communication
between the regulators 12, 28 and the pilot flow paths 10, 26
and causing the electromagnetic variable pressure reducing
valve 13 to communicate with the regulators 12, 28.

When the first and second main pumps MP1, MP2 are
caused to communicate with the hydraulic motor M for power
generation and the electromagnetic variable pressure reduc-
ing valve 13 is caused to communicate with the regulators 12,
28, the controller C proceeds to Step S14 to determine
whether the present rotational speed of the engine E is high or
low based on a signal from the rotational speed sensor pro-
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vided in the engine E. Determination criteria for high speed
and low speed are stored in the controller C in advance.

If the engine rotational speed is high, the controller C
proceeds to Step S15 to control the electromagnetic variable
pressure reducing valve 13 and set the secondary pressure
thereof such that the displacement volume per rotation of the
first and second main pumps MP1, MP2 become almost mini-
mum.

The displacement volume per rotation of the first and sec-
ond main pumps MP1, MP2 are set at almost minimum levels
when the rotational speed of the engine E is high, since the
discharge amounts per unit time of the first and second main
pumps MP1, MP2 can be ensured by the rotational speed of
the engine E even if the displacement volume per rotation of
the first and second main pumps MP1, MP2 are small.

If the engine rotational speed is determined to be low in
Step S14, the controller C determines the charged state of the
battery 34 in Step S16. If the amount of charge of the battery
is high, the controller C calculates a necessary amount of
charge based on the present amount of charge and determines
pump discharge amounts corresponding to the necessary
amount of charge (Step S17).

The controller C proceeds to Step S19 to control an exci-
tation current of the electromagnetic variable pressure reduc-
ing valve 13. The secondary pressure of the electromagnetic
variable pressure reducing valve 13 is controlled according to
this excitation current and the controlled secondary pressure
acts on the regulators 12, 28. Accordingly, the discharge
amounts of the first and second main pumps MP1, MP2 are
ensured to be those necessary to attain the necessary amount
of charge.

On the other hand, if the amount of charge of the battery 34
is determined to be low in Step S16, the controller C calcu-
lates a necessary amount of charge based on the present
amount of charge and determines pump discharge amounts
corresponding to the necessary amount of charge (Step S18).
In this case, the discharge amounts of the first and second
main pumps MP1, MP2 are greater than the standby flow rate.

Criteria for determining the amount of charge are stored in
the controller C in advance.

The controller C proceeds to Step S19 to control the exci-
tation current of the electromagnetic variable pressure reduc-
ing valve 13. The secondary pressure of the electromagnetic
variable pressure reducing valve 13 is controlled according to
this excitation current and the controlled secondary pressure
acts on the regulators 12, 28. Accordingly, the discharge
amounts of the first and second main pumps MP1, MP2 are
ensured to be those necessary to attain the necessary amount
of charge.

The electromagnetic variable pressure reducing valve 13 is
controlled, the discharge amounts of the first and second main
pumps MP1, MP2 are controlled according to the controlled
secondary pressure and the hydraulic motor M for power
generation is operated according to the discharge amounts,
whereby a standby regeneration control is executed (Step
S20).

Thus, good pump efficiency can be utilized without energy
for charging the battery 34 becoming insufficient since the
pressures introduced to the regulators 12, 28 can be freely
controlled by controlling the electromagnetic variable pres-
sure reducing valve 13 according to this embodiment. There-
fore, energy loss is reduced.

Further, the engine rotational speed needs not be increased
to increase the discharge amounts of the first and second main
pumps MP1, MP2 and energy loss is reduced by that much
since the tilting angles of the first and second main pumps
MP1, MP2 can be freely controlled.
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Furthermore, it is not necessary to provide special valves
between the first and second main pumps MP1, MP2 and the
hydraulic motor M for power generation or between the first
and second main pumps MP1, MP2 and the assist pump AP
and the circuit configuration can be simplified by that much,
since the first and second main pumps MP1, MP2 and the
hydraulic motor M for power generation and the assist pump
AP are directly connected via the main switching valves 14,
29.

Following is a description of a second embodiment.

In the second embodiment shown in FIG. 3, a main switch-
ing valve 14 connected to a first circuit system is a two-
position four-port valve.

The main switching valve 14 includes a pilot chamber on
one side and a spring force of a spring acts on a side facing the
pilot chamber. The pilot chamber of the main switching valve
14 is connected to a pilot hydraulic pressure source PP via an
electromagnetic control valve 155.

The main switching valve 14 opens a main passage V for
introducing oil discharged from a first main pump MP1 to a
first circuit system and a joint passage W for causing oil
discharged from an assist pump AP to join the discharged oil
from the first main pump MP1 when being at a shown normal
position.

When a solenoid of an electromagnetic control valve 155 is
excited and switched to an open position, a pressure of the
pilot hydraulic pressure source PP is introduced to the pilot
chamber 145 of the main switching valve 14. Thus, the main
switching valve 14 is switched to a right position in FIG. 3
against the spring force of the spring by this pilot pressure.
When the main switching valve 14 is switched, the joint
passage W is closed and only the main passage V is open.

In this case, only the discharged oil from the first main
pump MP1 is supplied to the first circuit system.

Further, another main switching valve 29 opens a main
passage V and a joint passage W as in the first embodiment
when being at a shown first position which is a neutral posi-
tion. When the main switching valve 29 is switched to a
second position which is a left position in FIG. 3 by the pilot
pressure introduced into a pilot chamber 29a, only a regen-
eration passage Y is opened. When the main switching valve
29 is switched to a third position which is a right position in
FIG. 3 by the action of the pilot pressure introduced to the
pilot chamber 295, only the main passage V is opened.

In the second embodiment, a position of the main switch-
ing valve 14 where the first main pump MP1 communicates
with a hydraulic motor M for power generation is omitted. In
the second embodiment, only a second main pump MP2
drives the hydraulic motor M for power generation.

When the main switching valves 14, 29 are kept at the
shown normal position, discharged oil from the first and
second main pumps MP1, MP2 and that from the assist pump
AP join and is supplied to the first and second circuit systems.
Accordingly, similar to the first embodiment, electromag-
netic control valves 155, 16a and 165 need not be excited and
power consumption can be reduced by that much.

For example, one main switching valve 14 is kept at the
shown normal position and the other main switching valve 29
is switched to the third position that is the right position in
FIG. 3, when only the actuators of the first circuit system are
actuated and those of the second circuit system are kept in an
inoperative state.

In this state, the discharged oil from the assist pump AP
only joins the discharged oil from the first main pump MP1.
The second main pump MP2 supplies the discharged oil
therefrom to the second circuit system while maintaining a
standby flow rate.
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On the other hand, in the case of actuating only the actua-
tors of the second circuit system and keeping those of the first
circuit system in the inoperative state, the other main switch-
ing valve 29 is kept at the shown normal position and the one
main switching valve 14 is switched to the right position in
FIG. 3.

In this state, the discharged oil from the assist pump AP
only joins the discharged oil from the second main pump
MP2. The first main pump MP1 supplies the discharged oil
therefrom to the first circuit system while maintaining a
standby flow rate.

In the case of rotating the hydraulic motor M for power
generation to rotate a generator 32 when the actuators are in
the inoperative state, a solenoid of the electromagnetic con-
trol valve 16a is excited and switched to an open position and
the main switching valve 29 is switched to the second position
that is the left position in FIG. 3.

When the main switching valve 29 is switched, the dis-
charged oil from the second main pump MP2 is supplied to
the hydraulic motor M for power generation. Thus, the gen-
erator 32 rotates to generate power and this power is stored in
a battery 34.

Further, ifa solenoid of an electromagnetic switching valve
11 is excited and the electromagnetic switching valve 11 is
switched to an open position, the pilot pressure of the pilot
hydraulic pressure source PP acts on the regulator 12 to
maintain the discharge amount of the first main pump MP1 at
a minimum level. Thus, the minimum amount of oil dis-
charged from the first main pump MP1 flows into a neutral
flow path 7 to heat all the control valves.

Note that the hydraulic oil having a high oil temperature is
supplied only to the first circuit system when the hydraulic
motor M for power generation is being driven. Since valve
bodies of the control valves of the first and second circuit
systems are actually placed one over the other, if the hydraulic
oil for heating is supplied to either one of the circuit systems,
the control valves of the other circuit system are also heated.

Following is a description of a third embodiment.

In the third embodiment shown in FIG. 4, pilot operating
mechanisms PV1 to PV7 for controlling a pilot pressure to
switch control valves 2 to 6, 9 to 22 are provided. These pilot
operating mechanisms PV1 to PV7 control and output a dis-
charge pressure of a pilot pump PP. The pilot pressures gen-
erated by the pilot operating mechanisms PV1 to PV7 are
selected by a plurality of high pressure selector valves 39 and
the maximum pressures are introduced to regulators 12, 28 of
first and second variable displacement pumps MP1, MP2.

The pilot operating mechanism PV1 controls the pilot pres-
sure introduced to the control valve 2 for controlling a rota-
tion motor, the pilot operating mechanism PV2 controls the
pilot pressures introduced to the control valves 3, 22 for
controlling an arm cylinder, the pilot operating mechanism
PV3 controls the pilot pressures introduced to the control
valves 4, 21 for controlling a boom cylinder, the pilot oper-
ating mechanism PV4 controls the pilot pressure introduced
to the control valve 5 for controlling an auxiliary actuator, the
pilot operating mechanism PV5 controls the pilot pressure
introduced to the control valve 6 for controlling one travel
motor, the pilot operating mechanism PV 6 controls the pilot
pressure introduced to the control valve 19 for controlling
another travel motor, and the pilot operating mechanism PV7
controls the pilot pressure introduced to the control valve 20
for controlling a bucket cylinder.

The pilot pressures controlled by the pilot operating
mechanisms PV1 to PV7 are kept at zero when the control
valves 2 to 6, 19 to 22 associated therewith are respectively
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kept at a neutral position and are increased when the respec-
tive control valves 2 to 6, 19 to 22 are switched.

Accordingly, the pressures are introduced to the first and
second variable-displacement pumps MP1, MP2 in a manner
contrary to those in the first and second embodiments. The
regulators 12, 28 provided in these first and second variable-
displacement pumps MP1, MP2 execute a control to keep the
discharge amounts of the first and second variable-displace-
ment pumps MP1, MP2 at a minimum level when the pilot
pressures are zero and increase the discharge amounts of the
first and second variable-displacement pumps MP1, MP2 as
the pilot pressures increase.

Only the above construction differs from the second
embodiment and the other constructions are the same as in the
second embodiment. It is natural that the control mechanism
of'the third embodiment is also applicable to the first embodi-
ment.

The embodiments of the present invention described above
are merely illustration of some application examples of the
present invention and not of the nature to limit the technical
scope of the present invention to the specific constructions of
the above embodiments.

The present application claims a priority based on Japanese
Patent Application No. 2010-37353 filed with the Japan
Patent Office on Feb. 23, 2010, all the contents of which are
hereby incorporated by reference.

INDUSTRIAL APPLICABILITY

This invention is applicable to hybrid construction
machines such as power shovels.

The invention claimed is:

1. A control system for construction machine, comprising:

a pair of first and second main pumps which are variable-
displacement pumps;

first and second circuit systems connected to the first and
second main pumps and including a plurality of control
valves;

main switching valves provided between the first and sec-
ond circuit systems and the first and second main pumps;

a hydraulic motor for power generation connected to the
first and second main pumps via the main switching
valves;

a generator coupled to the hydraulic motor for power gen-
eration; and

a battery for storing power generated by the generator;

wherein when at least the main switching valve connected
to one circuit system is at a position to cause one main
pump connected thereto to communicate with the
hydraulic motor for power generation, the main switch-
ing valve connected to the other circuit system causes
the other main pump to communicate with the other
circuit system.

2. The control system according to claim 1, wherein:

one of the main switching valves causes one of the first and
second main pumps to communicate with one of the first
and second circuit systems connected thereto via a
throttle passage in the one main switching valve when at
a position to connect the main pump to the hydraulic
motor for power generation.

3. The control system according to claim 1, wherein:

one of the main switching valves connected to one of the
first and second circuit systems opens a main passage for
connecting one of the first and second main pumps to the
one circuit system connected thereto and a joint passage
for causing oil discharged from an assist pump to join the
one main pump via a check valve when at a normal
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position, and opens the main passage and closes the joint
passage when at a switch position.
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